In this paper we present a linear running time optimization algorithm for meshes with subdivision connectivity, e.g. subdivision surfaces. The algorithm optimizes a model using a metric defined by the user. Two functionals are used to build the metric: a rate functional and a distortion (i.e. error) functional. The distortion functional defines the error function to minimize, whereas the rate functional defines the minimization constraint. The algorithm computes approximations within this metric using jointly global error and an optimal vertex selection technique inspired from optimal tree pruning algorithms used in compression. We present an update mechanism, that we name merging domain intersections (MDIs), allowing the control of global error through the optimization process at low computational cost. Our method has application in progressive model decomposition, compression, rendering and finite element methods. We apply our method to geometry simplification and present an algorithm to compute a decomposition of a model into a multiresolution hierarchy in Ç´Ò ÐÓ Òµ time using global error, where Ò is the number of vertices in the full-resolution model. We show that a direct approach, i.e. not using MDIs, recomputing global error has at least cost Ç´Ò ¾ µ.
INTRODUCTION

Motivation
Meshes with subdivision connectivity, e.g. semi-regular triangulations constructed using iterated subdivision rules, are popular in many applications, such as visualization [10] and finite element mesh generation, to name a few. Their irregular counterparts have also been extensively studied, however semi-regular meshes are preferred because of their superior performance and flexibility for editing [4] , transmission [16] , and compression [13] . The arbitrary topology is obtained by subdividing an initial coarse mesh with irregular connectivity.
In the strictly regular setting, e.g. subdivision of a single quadrilateral, meshes with subdivision connectivity are used to visualize terrain data [10, 20, 23] , as shown in Figure  1a . Terrain models are given as elevation matrices (i.e. the parametrization is implicit) and the mesh is used to connect, i.e. triangulate, the input matrix. Semi-regular meshes are used to represent surfaces with arbitrary topology. The topology is fixed using an initial coarse mesh with irregular connectivity (Figure 2a ). The vertices forming this mesh are called extraordinary vertices. Semi-regular meshes are used to compute approximations of subdivision surfaces (Figure 1b) . Subdivision surfaces are an increasingly popular representation for piecewise-smooth surfaces. Algorithms used to compute subdivision surfaces use recursive subdivision rules to create vertices. Examples of such rules are Kobbelt ( Ô ¿) [14] , Loop [22] , Catmull-Clark [6, 8] and Velho-Zorin (4-8) subdivision [28] . Today, the properties of subdivision surfaces are an important area of investigation (e.g. see [29] ).
A particular class of meshes with subdivision connectivity are 4-8 meshes. In these meshes, the valence of the vertices alternates between four and eight. In Figures 2a-d , we show an example of 4-8 subdivision: Figure 2a shows the initial coarse mesh, and Figures 2b-d show successive subdivision steps. At each step, detail vectors computed from the original (i.e. irregular) model are added to the vertex locations. The computation of detail vectors is typically part of a remeshing process used to convert the irregular input model to a mesh having subdivision connectivity (e.g. see [18] ). Finally, note that a 4-8 mesh is also used to triangulate the terrain in Figure 1a . Although in this case, as stated previ-ously, the dataset given by the input matrix is just triangulated using 4-8 connectivity and no additional vertices are generated. In this context, 4-8 meshes are also called quadtree triangulations since quadtrees are often used to store them [17, 23, 25] . Optimization algorithms for meshes with subdivision connectivity hold a great interest for many applications. For example, geometry simplification algorithms are used to obtain adaptive, multi-resolution representations and are an important topic of investigation [10, 20, 21, 23] . Other applications include compression 
FIG. 3
Triangulation of an elevation matrix Þ using 4-8 connectivity. Initially, an initial coarse mesh formed by two triangles is created using the corner vertices. Then, triangle hypothenuses are bisected to connect a vertex at the midpoint. Each connection step is denoted by Ð and (a),(b),(c) and (d) show steps Ð ½ ¾ ¿ and , respectively. At each step, the newly connected vertices are depicted in white. The hierarchical set of vertices is represented with a directed acyclic graph (DAG). 
FIG. 12
Comparison of nonmonotoncities of the RD curve between the algorithm using generalized decimation (top curve) and its limited version using standard decimation (bottom curve). In the latter case, the algorithm cannot conserve monotonicity. The top curve is obtained with our algorithm, whereas the bottom one is obtained with a greedy insertion approach. 
ACKNOWLEDGMENTS
We would like to thank the reviewers for their comments and their help for improving the presentation of this paper. We also would like to thank Anthony Edward for his help and support in proof-reading this paper. Laurent Balmelli would also like to thank personally his advisor, Prof. Martin Vetterli, for his support and encouragement during his doctoral studies at the Ecole Polytechnique Fédérale de Lausanne in Switzerland, period during which most of this work has been completed. Finally, the authors are thankful to Prof. Denis Zorin at New York University and Dr. Ioana Martin at IBM Research for providing part of the datasets used in our experiments. 
